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SYSTEM FOR COLLECTING A SPECIFIED
NUMBER OF PERIPHERAL INTERRUPTS
AND TRANSFERRING THE INTERRUPTS AS
A GROUP TO THE PROCESSOR

BACKGROUND

Field of the Invention

Advances 1n the design and fabrication of microproces-
sors 1n the past few years has resulted 1n a dramatic increase
in processor speeds. In fact average speeds have increased
more than four fold in the last decade alone. At the same
fime peripheral input/output busses have remained substan-
tially constant. For example, the Industry Standard Archi-
tecture (ISA) bus operates at 8 MHz while many micropro-
cessors operate 1n the 100—200 MHz range.

As the discrepancy 1n speed increases, 1t has become
unieasible to directly connect the I/O bus to the micropro-
cessor. PC (Personal Computer) developers have solved this
problem by providing “bridge modules” which disconnect
the microprocessor/memory from the I/O bus. While this
oreatly improves the performance of the microprocessor
when 1t 1s working from memory or cache, 1t typically does
so at the expense of the microprocessor 1/0 bus interface. In
today’s PC environment 1t 1s typical for a microprocessor to
wait 100 or more processor cycles for each I/O bus access.

Under these conditions the amount of time the micropro-
cessor spends handling devices attached to the I/O bus can
significantly impact the microprocessor’s performance.
Many high speed peripheral devices, such as disk drives and
network controllers, are designed to be bus masters which
allows these devices direct memory access (DMA). This
moves the burden of data movement to the peripheral from
the microprocessor resulting in an 1mprovement in the
utilization of the microprocessor bandwidth. However,
microprocessor communication with peripheral devices still
remains a major area for improvement.

Most peripheral component devices communicate with
the microprocessor over a relatively slow (ISA), interrupt
driven imput/output bus. The device signals the micropro-
cessor that 1t needs service by driving a bus interrupt signal
active and waiting for the processor to provide service. A
typical sequence includes the steps listed below:

1. the processor stores 1n memory all necessary information
(data, status, etc.) relative to the current operation it is
performing (typically a user application),

2. the processor reads from memory all information neces-
sary to service the interrupt;

3. processor sequentially queries each device on the indi-
cated mnterrupt to ascertain which needs service;

4. The interrupt routine will require multiple I/O bus
accesses to fully service the request; and

5. after the interrupt request, the processor must reverse
steps 1 and 2 1n order to resume processing the interrupted
operation.

The above sequence 1s generally referred to as context
switching and can consume thousands of processor clock
cycles for every generated interrupt. In those instances
where there are many connected peripheral devices each
generating many service interrupts, the processor has little
fime, 1f any, to service resident user applications.

SUMMARY OF THE INVENTION

The 1invention contemplates an efficient method for inter-
rupting a processor connected to a peripheral device, an
input output bus (I/O bus) and includes the following steps
executed after the initiation of an interrupt cycle:
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2

collecting up to n interrupts during a period of time during,
which mterrupt activation 1s inhibited;

following said period of time, enabling interrupt activa-
tion and activating the interrupt process if any inter-
rupts have been collected;

upon activation of the interrupt process transferring the
collected interrupts to a processor for processing;

disabling further activation of an interrupt process after
transferring the previously collected interrupts to the
processor for processing;

collecting mnterrupts occurring subsequent to the transfer
of the previously collected interrupts; and

enabling further activation of the interrupt process a
predetermined time after the said processor completes
processing the interrupts previously transferred.

An object of the mvention 1s to limit the maximum rate
which interrupts can be generated by a peripheral device
without adding any delay to the presentation of interrupts
occurring at a rate below the maximum. Another object of
the 1nvention 1s to minimize the number of interrupts gen-
crated by a peripheral device. Still another object i1s to
minimize the number of operations a microprocessor must
perform to service the peripheral device interrupts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating the environment 1n
which the invention 1s used.

FIG. 2 1s a block diagram 1illustrating an implementation
of the mnvention.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 1, n peripheral devices 10 are connected to a
microprocessor 11 and a main memory 12 by an input/output
(I/O) bus 14 and a bridge module 15. All of the physical
components illustrated in FIG. 1 (except for peripheral
device 10 which i1s illustrated in detail in FIG. 2) are
conventional and available from a number of sources.

Peripheral device 10, illustrated in FIG. 2, includes all
conventional core functions shown as a single block 20, and
other components described 1n detail below for executing an
cificient interrupt procedure.

An n position System Interrupt Status Register (SISR) 21
1s connected to device core function 20 which can set any
number of n different interrupt condition bits. The n outputs
of SISR register 21 (each corresponding to one of the n
inputs) are readable by the processor via I/O bus 14. They
are also combined 1n an or circuit 22 which has its output
connected to one input of an and gate 23. The output of and
cgate 23 1s connected to the microprocessor interrupt line in

the bus 14.

The other mput of and gate 23 1s connected to a master
mask bit circuit 24 which 1s controlled by the microproces-
sor 11 as will be described below. A master mask enable
timer circuit 25, also under control of the microprocessor 11,
activates the master mask circuit 24 after the master mask
enabler timer 25 has expired.

During each interrupt operation the microprocessor 11
reads the contents of the SISR register 21 so 1t can process
all of the mterrupts registered since the last interrupt service.
It resets the SISR register 21 and the master mask bit circuit
24. This prevents any interrupts subsequent to those serviced
in the current operation from activating the processor 11
mterrupt line.
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In addition it starts the master mask timer circuit 25 when
the processing of the interrupts has been completed or at
such other time as may be appropriate for different operating
circumstances. After the timer expires master mask bit
circuit 24 1s set and gate 23 1s enabled which allows another
interrupt operation to take place provided the peripheral

device core function 20 has set one or more positions in the
SISR 21.

By adjusting the start and/or length of timer 25, the
processor 11 can regulate the frequency of the interrupts. In
addition, a different time 1nterval can be set into master task
timer 25 for different peripheral devices 10 depending upon
device and or system requirement.

The physical embodiment of the invention described
above 1s 1llustrative of one implementation of the method
contemplated by this invention. In practice the method
includes the following steps:

collecting up to n interrupts during a period of time during
which interrupt activation 1s inhibited;

following said period of time, enabling interrupt activa-
tion and activating the interrupt process if any inter-
rupts have been collected;

upon activation of the interrupt process transferring the
collected interrupts to a processor for processing;

disabling further activation of an interrupt process after
transterring the previously collected interrupts to the
processor for processing;

collecting interrupts occurring subsequent to the transfer
of the previously collected interrupts; and

enabling futher activation of the interrupt process a pre-
determined time after the said processor completes
processing the interrupts previously transferred.
We claim:
1. In a system 1ncluding a microprocessor connected to a
peripheral device by an interrupt driven peripheral device
input output bus a method including the following acts:

following the initiation of an interrupt cycle initiated by
said peripheral device;

collecting up to n interrupts i1ssued by said peripheral
device during a period of time during which interrupt
activation by the device i1s inhibited wherein said
collecting includes said peripheral device setting any
number of n different interrupt conditions bits in an n
storage position register mounted on said peripheral
device;

following said period of time, enabling interrupt activa-
tion by the device and activating the interrupt process

if any interrupts have been collected;

upon activation of the interrupt process transferring on an
input/output bus the collected interrupts to the proces-
sor for processing;

disabling further activation of an interrupt process by the
device after transferring the previously collected inter-
rupts to the processor for processing;

collecting interrupts, using the n-position register, occur-
ring subsequent to the transfer of the previously col-
lected mterrupts; and

enabling further activation of the interrupt process by the
device a predetermined time after the said processor
completes processing the interrupts previously trans-
ferred.

2. In a system including a microprocessor connected to
one or more peripheral devices by an interrupt driven
peripheral device mput output bus a method including the
acts of:
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4

following the initiation of an interrupt cycle mitiated by
one of said peripheral devices;

collecting up to n interrupts issued by said peripheral
device during a period of time during which interrupt
activation by the device 1s inhibited wherein said
collecting includes said peripheral device setting any
number of n different mterrupt condition bits 1n an n
storage register position;

following said period of time, enabling interrupt activa-
tion by the device and activating the interrupt process

if any interrupts have been collected;

upon activation of the interrupt process transferring on an
input/output bus the collected interrupts to a processor
for processing;

disabling further activation of an interrupt process by the
device after transferring the previously collected inter-
rupts to the processor for processing;

using the n-bit register to collect interrupts occurring
subsequent to the transfer of the previously collected
interrupts; and

enabling further activation of the interrupt process by the
device a predetermined time after the said processor
completes processing the interrupts previously trans-
ferred.

3. The method set forth in claim 2 1n which the prede-
termined time between the termination of processing of an
mterrupt and the enablement of activation of the interrupt
process can be set at a unique value for each peripheral
device connected to the peripheral device mnput output bus to
accommodate different peripheral device operating charac-
teristics.

4. In a system 1ncluding a microprocessor connected to a
peripheral device by an peripheral device mput output bus
(I/O bus) having data and interrupt lines, an interrupt mecha-
nism for receiving interrupt requests from the peripheral
device and transferring them to the processor via the inter-
rupt line for processing comprising:

a System Interrupt Status Register (SISR) system having

n storage positions each adapted for receiving a differ-
ent mnterrupt status from the said peripheral device and
providing a first output indicating 1f any stored status
requires an interrupt;

means responsive to first signals received from the pro-
cessor for transferring the contents of the SISR register
to the processor via the I/O bus and resetting the SISR
register; and

a Master Mask Bit Circuit under control of said first

signals received from the said processor for inhibiting
transmission of mterrupt signals from the first output of
the said SISR system to the said interrupt line contem-
porancous with the resetting of the said SISR and
responsive to second signals received from the said
processor for enabling transmission of interrupt signals
to the processor via the interrupt line after a predeter-
mined time delay.

5. In a system 1ncluding a microprocessor connected to a
peripheral device by peripheral device input output bus (I/O
bus) having data and interrupt lines, an interrupt mechanism
for receving interrupt requests from the peripheral device
and transferring them to the processor via the mterrupt line
for processing comprising:

a System Interrupt Status Register (SISR) system having

n storage positions each adapted for receiving a ditfer-
ent interrupt status from the said peripheral device and
providing a first output indicating if any stored status
requires an interrupt;
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means responsive to first signals received from the pro-
cessor for transferring the contents of the SISR to the
processor via the I/O bus and resetting the SISR;

cgate means under control of said first signals received
from the said processor for inhibiting transmission of
interrupt signals from the first output of the said SISR
system to the said interrupt line contemporaneous with
the resetting of the said SISR and responsive to second
signals received from the said processor for enabling
transmission of interrupt signals to the processor via the
interrupt line after a predetermined time delay; wherein
said gate means includes
an and gate having an output connected to the I/O bus
interrupt line, a first input coupled to the first output
of the SISR and a second input connected to a master
mask circuit which 1s reset by the said first signals to
first state for inhibiting the said and gate; and
a master mask enable timer circuit responsive to the
said second signals provided by the processor for
setting the master mask circuit to a state which
enables the said and gate after a predetermined time
delay.

6. The system of claim 4 further including an and gate
having an output connected to the I/O bus interrupt line, a
first input coupled to the first output of the SISR system and
a second mput connected to the master mask circuit; and

a master mask enable timer circuit having an output
coupled to the master mask circuit and responsive to
the said second signals provided by the processor for
setting the master mask circuit to a state which enables
the said and gate after a predetermined time delay.

7. In a system 1ncluding a microprocessor connected to a
peripheral device by a peripheral device mput output bus
(I/O bus) having data and interrupt lines, an interrupt mecha-
nism for receiving interrupt requests from the peripheral
device and transferring them to the processor via the inter-
rupt line for processing comprising;:

a System Interrupt Status Register (SISR) system, dis-
posed on said peripheral device, having n storage
positions each adapted for receiving a different inter-
rupt status from the said peripheral device and provid-
ing a first output indicating if any stored status requests
an interrupt;

means responsive to first signals received from the pro-
cessor for transferring the contents of the SISR to the
processor via the I/0 bus and resetting the SISR;

a Master Mask Bit Circuit providing a first output indi-
cating if interrupt generation on the I/O bus interrupt
line 1s disabled;

means under control of said first signals received from
said processor for setting the Master Mask Bit Circuit
so as to disable interrupt generation from the device

contemporancous with the resetting of the said SISR;
and

a Master Mask Enable Timer responsive to said {first
signals received from the processor for re-enabling the
Master Mask circuit after a predetermined built-in time
delay.

8. The interrupt limiting mechanism of claim 7 further

including an And Gate having an output connected to the I/0O
bus interrupt line, a first input connected to the first output
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of the SISR system and a second 1nput connected to the first
output of the Master Mask.

9. An assembly for use 1n a computer system including:

a peripheral device including a peripheral device core
function;

a System Interrupt Status Register (SISR) disposed on
said peripheral device and coupled to the peripheral
device core function, said SISR including n storage
positions each adapted for receiving a different inter-
rupt status and outputting a signal representative of its
setting;

an OR circuit coupled to the SISR and providing a first
output 1indicating if any stored status requires an inter-
rupt;

an and circuit having a first mput coupled to the OR
circuit, a second 1nput and an output,

a Master Mask Bit Circuit having an output coupled to the
second 1nput of the and circuit;

a first signal line connected to the SISR and the Master
Mask Bit Circuit, said first signal line, if activated,
carries a first signal that causes a transfer of informa-
tion from said SISR, simultaneously resetting said
SISR and driving the output of said Master Mask Bit
Circuit to a predetermined state;

a Master Mask Enable Timer having an output coupled to
the Master Mask Bit Circuit; and

a second signal carrying conductor connected to the
Master Mask Enable Timer.
10. In a system including a microprocessor connected to
a peripheral device by an peripheral device 1mnput output bus
(I/O bus) having data and mterrupt lines, an interrupt mecha-
nism for receiving interrupt requests from the peripheral
device and transterring them to the processor via the inter-
rupt line for processing comprising:
a System Interrupt Status Register (SISR) system having
n storage positions each adapted for receiving a differ-
ent mnterrupt status from the said peripheral device and

providing a first output indicating 1f any stored status
requests an interrupt;

means responsive to first signals received from the pro-
cessor for transferring the contents of the SISR to the
processor via the I/O bus and resetting the SISKR;

a Master Mask Bit Circuit providing a first output indi-
cating if interrupt generation on the I/O bus interrupt
line 1s disabled;

means under control of said first signals received from
said processor for setting the Master Mask Bit Circuit
so as to disable interrupt generation from the device
contemporancous with the resetting of the said SISR;

a Master Mask Enable Timer responsive to second signals
received from the processor for re-enabling the Master
Mask Bit Circuit after a predetermined built-in time
delay; and

an And Gate having an output connected to the 1/0 bus
interrupt line, a first input connected to the first output
of the SISR system and a second input connected to the
first output of the Master Mask.
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